Abstract With the recent report of a live birth after use of mitochondrial replacement therapy, sometimes called 'threeparent IVF', the clinical application of the technique is fast becoming a reality. While the United Kingdom allows the procedure under regulatory scrutiny, it remains effectively outlawed in many other countries. We argue that such prohibitions may violate individuals' procreative rights, grounded in individuals' interest in genetic affinity. The interest in genetic affinity was recently endorsed by Singapore's highest court, reflecting an emphasis on the importance of biological ties found across the globe. We apply that reasoning to make the case for a right to 'three-parent IVF'.
Introduction
'Three-parent IVF' or 'mitochondrial replacement therapy' (MRT) refers to a class of techniques (including pronuclear transfer, maternal spindle transfer and polar body transfer) with the same essential feature: embryos are brought to term containing the nuclear DNA of a couple undergoing IVF, but the mitochondrial DNA (mtDNA) of a third-party donor [1] [2] [3] . The procedure is fast finding its first applications in humans, as a live birth derived from maternal spindle transfer has been documented [4] . Additionally, some reports suggest that there has been successful use of three-parent IVF in Ukraine [5] and that efforts are now underway to commercialise the procedure in Mexico [6] . Meanwhile, there is uncertainty as to how regulators should respond to the use of threeparent IVF in humans. While the UK has taken steps towards explicit authorization of the procedure for use in clinical research [7] , it remains effectively banned or heavily restricted in many parts of the world, including most of Europe, the USA, Australia, New Zealand and Singapore, among others [8, 9] .
Considerations that have informed the debate
A number of considerations have been put forward against the use of three-parent IVF. Chief among these are concerns about potential harms. Bioethicist Françoise Baylis summarises these as the harm to egg donors, the harm to potential offspring and future generations, the harm to specific interest groups and the harms to society at large [10] . Further, there have been doubts about the benefits of three-parent IVF. Specifically, it has been argued that portraying the procedure as 'life saving' is misleading, even in the context of mothers who are at risk of bearing a child with mitochondrial disease [11] . Three-parent IVF is a way of bringing healthy individuals into existence. While this may be a good thing, the procedure should not be attributed to the value of a life-saving treatment.
Here, we wish to introduce a consideration to inform the debate; we suggest that countries that ban or heavily restrict MRT risk violating the procreative rights of their citizens. We base this strong claim on a more basic right to genetic affinity, building on a recent landmark case from Singapore's highest court that legally recognised individuals' strong interests in genetic affinity for the first time.
Recognising the interest in genetic affinity
Arguably, a strong interest in genetic affinity is already implicit in the fact that many couples struggling to start a family spend immense resources and undergo burdensome procedures in assisted reproduction to secure a child with whom they are biologically related. But some have dismissed this as a mere preference, a product of evolutionary impulse or societal pressure that does not reflect a human need or great personal project [10, 12, 13] .
Consider the case ACB v Thomson Medical. The case involves a couple who successfully brought to term a child via IVF in Singapore, but soon became concerned that the child's appearance did not match up with the parents' ethnicity [14] . It was later confirmed that, instead of the father's sperm, a third-party anonymous donor's sperm had accidentally been used to inseminate the mother's egg in the IVF process. The couple sued their fertility clinic, and the case wound up in front of Singapore's highest court.
Due to sound concerns about devaluing life, the Court did not want to offer an award for an unwanted birth per se. However, it recognised that a great harm had been done and instead awarded substantial compensation for a new category of loss: genetic affinity. The Court reasoned that the couple sought not just to have any child, but a child that is the product of their gametes, who is genetically related to both of them. This was not an incidental or fleeting desire-it went to one of their core motivations for having a child and, according to the Court, reflected a legitimate interest in genetic affinity with one's children.
It should be noted that in ACB v Thomson Medical, there was a racial component as well. Part of the plaintiff's complaint concerned the stigma and misunderstandings the couple faced due to having a child with a somewhat different complexion than them. However, for present purposes, we would like to set aside any purported interests in the couple having a child of similar skin colour (or other superficial traits) as them. Instead, we see the interest in genetic affinity as an interest in a particular genealogical relation, where the child is the product of the mixing of the parents' genetic material. This interest would be frustrated if Thomson Medical had mixed up the intended father's sperm with the sperm of a donor of the same race.
In any case, the Court did not go so far as to acknowledge a right to genetic affinity-indeed, for the purpose of deciding the case before it, it did not need to. But we can derive such a right once we acknowledge the important connection between rights and interests. According to a widely endorsed account, rights have the function to protect interests that are of sufficient importance to the very individual who holds the right [15] . The interest in genetic affinity may fit this role in various ways. For some people, genetics are a key part of their conception of identity and self. Philosopher David Velleman argues that this gives children a strong interest in knowing the identity of their genetic parents [16] . But it also provides a strong converse interest of parents in having children with whom they can identify [17] .
Other people may derive the importance of genetic continuity and biological lineage from their religious world views [18] , or from a brute but powerful urge for biologically related children [19, 20] . For these people, the importance of genetic continuity is intricately linked to the general sources of meaning in life.
Individuals' ultimate grounds for having an interest in genetic affinity may vary. However, the key point is that such grounds exist and that these, in turn, may underpin a right to genetic affinity, understood as a species of procreative rights. Such procreative rights are importantly neutral as to the specific traits possessed by the parents; they explain part of why forced sterilisation of 'undesirables' with real or perceived genetic defects during the heyday of the eugenic movement was so deeply objectionable. Prohibiting three-parent IVF may not rise to the level of wrongness of such sterilisation, but it does have a similar impact of denying women with particular disorders the opportunity to have healthy genetically related children.
The right to three-parent IVF
The right to genetic affinity has several general implications, including the right's violation in cases like ACB v Thomson Medical. But it may also ground the right to three-parent IVF, which is to say, the right against blanket government bans on MRT.
To illustrate, a woman with disordered mitochondria may face a dilemma: have a child naturally, risking significant mitochondrial disease in her offspring, or adopt or secure a gamete donor, giving up on her central project of having genetic affinity with her children. MRT would resolve this dilemma by allowing such women to have healthy, genetically related children. By banning MRT, governments essentially shut off a reasonable opportunity to secure genetic affinity with her children. This leads bioethicist Robert Klitzman and colleagues to claim that to 'deny women with mitochondrial disease the same opportunity to have a genetically related child as other women would be unjust' [21] . But what does the injustice consists in? Our claim provides an answer to that: to deny women with mitochondrial disease the same opportunity to have genetically related children as other women violates their right to genetic affinity.
The affinity is admittedly not complete because the resulting child would have the donor's mtDNA. However, mtDNA is only a very small percentage of one's overall DNA, and nuclear DNA (which is derived from the woman undergoing IVF) is generally considered much more central to our features identity. Indeed, this is what has some to claim that the term 'three-parent IVF' is a misnomer, since the contribution of the mitochondrial donor is too trivial to merit calling that donor a parent [22, 23] .
Notably, recognising the right to three-parent IVF may increase the overall population-some parents who would otherwise not bear a child might instead bring a child into the world. This in turn could put a strain on resources and the environment. However, this is true of procreative rights more generally. If this is a reason to disallow MRT, this is also a reason to disallow IVF more generally and moreover a reason for restricting procreation in the general population (as what China had done with its one-child policy). But disallowing MRT while allowing other forms of procreation is as a matter of justice unfair to women with mitochondrial disorders, by selectively barring them from bearing healthy genetically related offspring.
At the same time, we should be careful that recognising the right to three-parent IVF does not impinge on the other procreative rights of women with mitochondrial disorders. Just as women with mitochondrial disorders should not be barred from accessing MRT, their procreative rights demand that they should not be barred from having children naturally. Natural childbearing may lead to the creation of individuals with very poor life prospects, but a prohibition on such conception would unduly infringe on their reproductive freedoms.
The right to three-parent IVF as a negative right
A key objection to this line of reasoning is that emphasising the importance of genetic affinity devalues non-genetic parental relations, such as adoption or IVF using donated gametes or embryos [13, 24] . However, this objection mistakes the nature of procreative rights like the right to genetic affinity. These are essentially negative rights-rights against interference in procreation by third parties, including the government. Negative rights hardly imply that individuals who do not exercise a right are deficient or making some mistake. By way of comparison, recognising and respecting the right of competent adults to refuse medical treatment hardly impugns or devalues the medical treatment itself. Instead, it recognises the interests of individuals in deciding for themselves what happens to their bodies. The same sort of recognition could extend to genetic affinity.
Conceiving of the right to MRT as a negative right also avoids another objection that has been put forward against the procedure. The objection is that research into the clinical application of MRT 'does not meet a plausible social value standard to render public research investment into its development ethical' because the procedure's primary function is to fulfil a preference (for genetic relatedness) and not a medical need [24] . However, recognition of the negative right to 'three-parent IVF' would first and foremost speak against blanket bans or heavy restrictions on the procedure.
We leave open whether the interest in genetic affinity may reasonably be extended to ground a positive right as well, which could justify allocating public funds to MRT research. Notably, recognising such a positive right would help address potential inequalities where only well-off women with mitochondrial disorders would be able to secure genetic affinity with their children. But the demandingness of positive rights makes them more difficult to justify, and in any case, legal restrictions are currently a greater barrier to access to MRT than financial means.
Robust regulations, not blanket bans
To be clear, the right to three-parent IVF does not mean the right to unregulated MRT. Safety and efficacy concerns surrounding MRT must continue to guide the regulation of the procedure, especially during the experimental stage [25] . Regulations like those delineated by the Human Fertilisation and Embryology Authority (HFEA) in the UK are justified insofar as they protect the rights and interests of all individuals involved in MRT. Properly regulated systems may raise the costs of MRT, but merely raising costs of a practice does not violate rights to access. Indeed, concerns have been raised surrounding the relatively unregulated MRT procedure undertaken in Mexico, where for example, the mitochondrial donor had only signed a generic consent form for egg donation and was not told her genetic material would be used in this controversial procedure [26] ; by contrast, under HFEA regulations, donor consent for MRT is required [27] . This is not to say the UK's approach is perfect. It currently only allows MRT to avoid passing on mitochondrial disorders. This leaves women with compromised fertility that could benefit from MRT in the lurch for now. But it goes further than any other country's regime in balancing the procreative rights of its population against the legitimate safety and efficacy concerns. Indeed, because MRT is part of the publicly funded healthcare system in the UK, it in a sense goes further and instantiates a positive right to subsidised IVF.
Conclusion
As the UK's experience with regulated MRT evolves, the debate about the appropriate regulatory response to the use of MRT in humans will no doubt continue. While concerns about the risks and the safety of the procedure must be taken into account, regulators should duly balance these concerns against their citizens' presumptive rights to access threeparent IVF.
